The study on Economics Faculty in using modern inputs against traditional inputs and practices for potato production were conducted in the different agro-ecological zones and agro-climatic locations of Bangladesh during 2011-2012. The aim of the study was how to enrich the knowledge of farmers and traders by the use of modern inputs (fertilizers, green pesticides and micronutrients) for potato production and management technologies. A total number of 150 farmers were randomly selected from Rangpur, Thakurgaon, and Comilla regions under agro-ecological zones of Tista Meander Floodplain, Old Himalayan Piedmont Plain and Middle Meghna River Floodplain respectively. Cobb-Douglas production function was used to measure the effect of various factors on potato production. The factors of production considered in this study were land preparation, labor cost, seed, fertilizer, pesticides, irrigation and land use cost. The cost was comparatively low in modern practices than higher in traditional practices as it was mainly due to adoption of recommended technology, appropriate dose and time in case of modern inputs and practices whereas non-recommended technology, higher dose of inputs adopted in traditional practices. The out-put in-terms of per unit yield was found 26 t ha -1 in modern practices but 24 t ha -1 in traditional practices. The net profit was significantly higher in modern practices than traditional practices; the net profit in modern practices was found at Rangpur Tk 98,079, Thakurgaon Tk 72, 741 and Comilla Tk 46, 950. It transpires from the study that the farmers would be economically benefitted if they use modern inputs; adopt technologies and practices in terms of using quality seed of improved varieties at recommended dose and time of use of fertilizers and pesticides, timely application of irrigation and appropriate crop management including weeding and other practices.
Introduction
Potato is one of the staple foods in Bangladesh. Bangladesh achieves the 4 th position in Asia and 14 th in the world potato production. The area under potato is around 3.77 to 4.54 lac ha in Bangladesh. The total production of potato was 52.77 to 100.00 lac tons and the yield was 14.01-22.03 t ha -1 (BBS and FAO 2006-07 to 2010-11) . From 1960 to 2013 over 46 modern Potato varieties have been released and notified in Bangladesh. The major improved varieties introduced, released and notified in Bangladesh are from the Netherlands, very few from CIP (Peru), India and other countries. The potato varieties introduced from the Netherlands are highly popular in Bangladesh in terms of yield, table potato and industrial processing potatoes. Potato is playing a major role in the rural economy of Bangladesh. Farmers can earn very high financial and economic return through production potato as seed, table potato, industrial processing and exportable potato. There is enormous potentiality to increase per unit yield of potato through adoption of modern technologies and practices along with use of quality seed potato of improved varieties. With a view to adopting advanced technologies and modern practices the utmost needs is to up-scale the technical knowledge of farmers and motivate them through training and technological supports. One of the major constraints of potato sector is the Lack of knowledge of farmers on appropriate use of inputs: Majority of potato farmers of the northern districts of Bangladesh has very little knowledge regarding appropriate use of input materials and disease management practices (Uddin et al., 2010) . In case of potato cultivation, farmers of the northern part of Bangladesh lack proper knowledge of using input materials and seed quality management. Use of over dose or under dose of pesticides, micronutrients and chemical fertilizers and other inputs is very common to potato farmers that lead to production loss, increase cost of production and environmental pollution. Little knowledge of appropriate irrigation and harvesting technique by farmers causes wastage and post harvest loss of potato during and after harvesting. It has also been observed that farmers' level of knowledge regarding disease management, time of planting, clean cultivation, deposition of residues on their field which might be the primary source of pathogen, spray schedule and procedure, selection of pesticides (both systemic and contact), fertilizer application, soil test, sorting, grading and storage is not enough. As a result, 5% potato on an average is getting wasted each year before the harvest. On this regards, the above facts are directing towards the demand for this intervention improving competitiveness of potato farmers by increasing productivity through adopting proper usage of quality inputs so that these farmers can reduce their production cost and effectively manage potato diseases which ultimately will result in higher profit for farmers. This study was conducted to identify the present gaps in farmers knowledge and practices and suggest how to up-scale their knowledge and capabilities as well as capacities for potato production. Keeping with all these facts in mind, the present study has been undertaken with the following objectives: (i) to improve the knowledge of the farmers and traders on appropriate input management and cultivation technique. (ii) to promote green pesticide and micronutrients along with other necessary input materials to potato farmers.
Materials and Methods
The study areas were selected at Rangpur, Thakurghaon, Comilla under the agro-ecological zones of Tista Meander Floodplain, Old Himalayan Piedmont Plain and Middle Meghna River Floodplain respectively. Data were collected from primary and secondary sources. Primary data were collected from face to face interview method using a pre-tested interview schedule by the researchers with the help of trained enumerators for the period of JanuaryFebruary, 2012 . (Satter et al., 2005) . Chemical fertilizers like Urea, TSP, MoP, Gypsum, Zingsul (zinc sulphate), Petroboron (Boric acid), Petromag (Magnesium Sulphate) and Joiboshakti (Bone Meal) were applied at the rate of 350 kg, 220 kg, 270 kg, 120 kg, 7 kg, 6 kg, 50kg and 50kg per hectare (BARI, 2005) . Irrigation was applied in two times; after 35 DAP and 65 DAP.
Analytical techniques
Both fixed cost and variable cost were taken to calculate the total cost of potato cultivation. Land use cost was calculated on the basis of per year existing lease value of land. Irrespective of potato varieties, the profitability of potato production was examined on the basis of gross margin, net return and benefit cost analysis. The collected data were edited, summarized, tabulated and analyzed to fulfill the objectives of the study. Tabular method using descriptive statistics was mostly used in this study. The following Cobb-Douglas production function model was used to estimate the contribution of factors of potato production.
The production function was converted to logarithmic form so that it could be solved by least square method i.e. lnY= a + b 1 lnX 1 + ……………………… + b n lnX n + U i The empirical production function was the following: lnY = a + b 1 lnX 1 + b 2 lnX 2 + b 3 lnX 3 + b 4 lnX 4 + b 5 lnX 5 + b 6 lnX 6 + b 7 lnX 7 + U i . Where, Y = Yield (kg/ha); X 1 = Human Labor (Manday/ha); X 2 = Land preparation cost (Tk/ha); X 3 = Seed (kg/ha); X 4 = Manure (kg/ha); X 5 = NPK fertilizer; X 6 = Insecticide cost (Tk/ha); X 7 = Irrigation cost (Tk/ha); a =Intercept; b 1 , b 2 ----b 7 = Coefficients of the respective variables to be estimated; and U i = Error term.
Results and Discussion

Cost of cultivation
The total cost included fixed cost and variable cost. For calculating the total cost of cultivation of potato, all variable costs like human labor, land preparation, seed, manures, fertilizers, insecticides, irrigation, and interest on operating capital were calculated per hectare basis. The fixed cost of potato cultivation included cost of land use and family labor. The cost of land use was calculated on the basis of lease value of land. The use of human labor was highest in Comilla Region (100 mandays/ha), followed by Rangpur Region (85 man days/ ha) and Thakurghaon Region (80 man-days/ha). The average cost of land preparation was Tk 4300 per hectare for modern practice and Tk 4000 per hectare for traditional practice. The cost of land preparation was highest in Comilla region compared to other study areas due to use of higher labor and higher wage rate. The average seed use cost was higher in traditional practice (80,000Tk) than modern practice (60,000Tk). The major share of total cost was for seed (43.1%) followed by human labor i.e. hired and family (19.93%), fertilizer (16.23%) and pesticides (5.26%) through use of appropriate technology used. Another local practices used in farmers the major share of total cost was for seed (46.46%) followed by fertilizer (21.66%), human labor (10%) and pesticides (9.9%). The cost of potato cultivation in Comilla region (Tk. 148735/ha) was found highest followed by Rangpur region (Tk. 137250/ha) and Thakurghaon region (Tk.132180/ha) due to the higher cost of human labor, fertilizer and insecticides (Table 1 ). The cost of potato cultivation was estimated to be Tk. 2, 10,629 and Tk. 1, 84,135 per hectare on total cost and variable cost basis, respectively.
Profitability of potato cultivation
The yield of potato was 28 tons per hectare which was higher than the national average yield, 15.43 t ha -1 (BBS, 2009). The yield of potato was found to be the highest in Rangpur region (28 t ha -1 ) followed by Thakurghaon region (25.6 t ha -1 ) and Comilla region (24.5 t ha -1 ) (Table 2) due to better management and good soil condition. The gross return and gross margin of proper input used in potato cultivation were Tk. 2, 11,978 and Tk.1,39,388 per hectare, respectively (Table  2) . On the other hand, the gross return and gross margin of the farmers of local practices were Tk 1,98,068 and Tk.1,72,358 per hectare, respectively (Table 2) . Gross margin was found to be the highest in Rangpur followed by Thakurghaon and Comilla. The net return of potato cultivation was Tk. 72590 per hectare. It was the highest in Rangpur (Tk. 98079) and the lowest was in Comilla (Tk. 46950) (Table 4.) as the higher gross return. The average benefit cost ratios were 1.67 in Rangpur, 1.55 in Thakurgaon and 1.32 in Comilla on total cost and variable cost basis (Table 2) . It was also found that the highest BCR on variable cost were received by the Rangpur farmers followed by Thakurghaon and Comilla farmers due to higher yield and selling price of potato. 
Modern practice
The calculated regression coefficient of human labor cost was -0.417 indicating the negative effect of money spent on human labor. An increase of one percent of money spent on human labor, keeping other factors constant, would result in a decrease of gross return by -0.417 percent. The estimated coefficient of seed cost was -0.256, which was negative and highly significant at one percent level. It implies that 1 percent increase in seed cost, keeping other factors constant, would decrease gross return by -0.256 percent. The value of estimated coefficient of fertilizer cost was -0.197, which was negative and highly significant at one percent level. It implies that 1 percent increase in seed cost, would decrease gross return by -0.256 percent. The estimated coefficient of pesticides cost was -0.292, which was negative and significant at one percent level. It implies that 1 percent increase in seed cost, would decrease gross return by -0.292 percent, keeping other factors constant. (Table-3) .
Traditional practices
The calculated regression coefficient of human labor cost was 0.131 indicating the negative effect of money spent on human labor. An increase of one percent of money spent on human labor, keeping other factors constant, would result in a increase of gross return by 0.131.The estimated coefficient of seed cost was -0.106, which was negative and significant at ten percent level. It implies that 1 percent increase in seed cost, would decrease gross return by -0.256 percent. The value of estimated coefficient of fertilizer cost was -0.058, which was positive and not significant at one percent level. It implies that 1 percent increase in seed cost, keeping other factors constant, would decrease gross return by -0.256 percent. The estimated coefficient of pesticides cost was -0.292, which was negative and significant at one percent level. It implies that 1 percent increase in seed cost, keeping other factors constant, would decrease gross return by -0.292 percent (Table-3) .
Efficiency of resource allocation
For efficiency allocation of resources one should use more of the resources so long as the value of the added product is greater than the cost of the added amount of the resources in producing it. 
Modern practices
The ratio of MVP and MFC of fertilizer, pesticides and land used of potato production were positive and greater than 1, which indicates that more profit could be obtained by increasing the uses of these inputs. The ratio of MVP and MFC of labor, seed and irrigation were negative implying the level of profit would decrease by increasing the use of both the inputs (Table-4) .
Traditional practices
The ratio of MVP and MFC of irrigation and land preparation of potato production were positive and greater than 1, which indicates that more profit could be obtained by increasing the uses of these inputs.
The ratio of MVP and MFC of seed, fertilizer and pesticides were positive but less than 1, which indicates the excessive use of the resource, hence the use of the inputs should be reduced for deriving optimum return from them. Moreover the ratio of MVP and MFC of labor and land used were negative implying the level of profit would decrease by increasing the use of both the inputs (Table-4 13256.44 1 3.27 13200.48 1 -2.03 GM-Geometric Mean, *Significant at 10 percent level, **Significant at 5 percent level, ***Significant at 1 percent level
Conclusions
The study has been designed for assessing profitability of appropriate input use over traditional practices in potato cultivation and promoting green pesticide and micronutrients along with other necessary input materials to potato farmers in different agro ecological zones of Bangladesh. The study found that net profit per hectare in Rangpur region was (TK. 98,079), Thakurghaon region was (Tk. 72,741) and in Comilla region was (Tk. 46, 950) and the average benefit cost ratios were 1.67, 1.55 and 1.32 on total cost and variable cost basis. The net profit was found to be the highest in Rangpur region followed by Thakurghaon region and Comilla region due to better management and good soil condition. Through the several trainings and meetings farmers got technical knowledge regarding appropriate usages of agricultural inputs like Pesticides, Fungicides, and Fertilizer & Micronutrients for potato cultivation which will minimize production cost in potato cultivation and promote the tendencies of appropriate input uses instead of local practices.
